Abstract. We previously reported that MUC2 is a useful marker in the detection of lymph node micrometastasis (LMM) in gastric cancer. To improve the detection rate, we focused on a TFF1 gene. We used the duplex reverse transcriptasepolymerase chain reaction (RT-PCR) method with MUC2 and TFF1 genes to detect LMM in histologically node negative (pN0) early gastric cancer (EGC) and evaluated their effectiveness. A total of 310 lymph nodes from 33 patients with pN0 EGC were analyzed. All carcinoma specimens were positive for MUC2 and/or TFF1. The positive rate of TFF1 was significantly higher than MUC2 in the undifferentiated carcinoma specimens (p=0.002). The detection rate of duplex RT-PCR with MUC2 and TFF1 was higher than that of MUC2 or TFF1 alone. In mucosal cancer, 7 cases were positive for duplex RT-PCR. Of these 7 cases, 3 were MUC2-positive/TFF1-negative while 4 were MUC2-negative/TFF1-positive. LMMs were not detected in elevated-type primary mucosal cancers with a 20-30-mm diameter. The duplex RT-PCR assay with both MUC2 and TFF1 provides a higher LMM detection rate than either MUC2 or TFF1 alone, especially in mucosal gastric cancer. LMM detected in this manner may prove useful in broadening the indications for endoscopic mucosal resection in elevated-type cancer.
Introduction
Regional lymph node metastasis is the most important prognostic factor for patients with gastric cancer. Therefore, radical gastrectomy with D2 lymph node dissection is recognized as the standard surgical procedure for treating early gastric cancer (EGC). Lymph node metastasis in EGC comprises up to 4% of the mucosal type and approximately 23% of the submucosal type (1) . To increase the quality of life of patients with EGC, minimally invasive procedures, such as endoscopic mucosal resection (EMR), laparoscopic surgery and a reduced form of a lymphadenectomy are preferred treatment options. The recently developed EMR procedure, endoscopic submucosal dissection (ESD), makes en bloc resection of large lesions possible (2) (3) (4) (5) (6) . Thus, it is more important to select those patients who are void of lymph node metastatic disease.
Lymph node micrometastasis (LMM) is defined as micrometastatic foci that cannot be detected by H&E staining (7) . Micrometastases that exist at the time of the primary tumor operation are thought to be involved in tumor recurrence (8, 9) . Carcinoembryonic antigen (CEA) and cytokeratins (CK) have been widely used to detect LMM in gastric and colorectal cancer (7, (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . These CEA and CK assays, however, have high false positive rates (22) (23) (24) (25) (26) . Therefore, we hope to identify another target molecule that effectively detects LMM in gastric cancer. We previously reported that MUC2 is a useful marker for detecting LMM in gastric cancer (27) , but it is rarely expressed in early, poorly differentiated adenocarcinomas. To improve the detection rate of LMM in gastric cancer, we focused on a TFF1 gene which is preferentially expressed in diffuse-type gastric cancer cells (28) . We developed simultaneous detection methods of MUC2 and TFF1 genes by using duplex RT-PCR, and achieved high gastric cancer LMM detection rates.
Materials and methods
Patients. We selected 33 histologically node negative (pN0) EGC patients who underwent curative surgery in our surgery department between July 2002 and June 2004. This study followed the ethical standards of the Helsinki Declaration and the patients gave written informed consent according to our hospital's criteria. The study group consisted of 19 men (57%) and 14 women (43%), where the mean age was 62 years (range, 33-81 years). Pathological diagnosis and classification were based on guidelines from the Japanese Gastric Cancer Association (29 Duplex RT-PCR with MUC2 and TFF1. Prior to PCR, 1.0 μg of total RNA was reverse transcripted using random hexamers and Moloney murine leukemia virus reverse transcriptase (First-Strand cDNA synthesis kit, Amersham Pharmacia Biotech, Uppsala, Sweden), as previously described (27) . PCR was performed with 0.5 μl of reverse transcripted RNA mixture in a final volume of 30 μl. The amplification reaction mixture contained 3.0 U of Taq polymerase hot start version (Takara, Shiga, Japan), 1.5 U 10X Ex Taq buffer, and 2.5 mM dNTP mixture. The PCR cDNA products of MUC2, TFF1, and ß-actin were 189, 438, and 838 bp, respectively. The annealing temperature and cycles for duplex PCR were: one cycle of denaturing at 94˚C for 2 min, followed by 35 cycles (94˚C for 15 sec, 60˚C for 45 sec, and 72˚C for 3 min). The primer sequences were 5'-CCATTCTCAACGACAACCCC TACTACCCC-3' and 5'-TCCAATGGGAACATCAGG ATACATGGTGGC-3' for MUC2, and 5'-TTTGGAGCAGA GAGGAGG-3' and 5'-TTGAGTAGTCAAAGTCAGAGC AG-3' for TFF1. Aliquots (7 μl) from each reaction mixture were size fractionated on 2% agarose gel and visualized with ethidium bromide staining. To ensure that the RNA was not degraded, a PCR assay with primers specific for ß-actin cDNA was performed. The PCR conditions were: one cycle of denaturing at 94˚C for 5 min, followed by 25 cycles (94˚C for 1 min, 72˚C for 1 min) before final extension at 72˚C for 7 min. The primer sequences were: 5'-ATCTGGCACCACA CTTGTACAATGAGCTG-3' and 5'-CGTCATACTCCTGC TTGCTGATCCACATCT-3'.
Statistical analysis. Statistical comparisons for significance between different groups were evaluated by the Chi-square test. P-values <0.05 were considered statistically significant.
Results
Expression of MUC2 and TFF1 mRNA in primary gastric carcinoma lesions and control lymph nodes. MUC2 and TFF1 transcripts were expressed in 22 of 33 (66.7%) and 30 of 33 (90.9%) gastric carcinoma specimens, respectively. All gastric carcinoma specimens were positive using the duplex RT-PCR assay (Table I) . Alternatively, all of the control lymph nodes were negative for both MUC2 mRNA and TFF1 mRNA.
Correlation between duplex marker (MUC2 and TFF1) expression and tumor histology. MUC2 was expressed in 17 of 20 differentiated carcinomas (well to moderately differentiated adenocarcinoma), 4 of 7 signet ring cell carcinomas, and 1 of 6 Table I . MUC2 and TFF1 gene expression in primary gastric cancer lesions. 
Differentiated carcinoma, well to moderately differentiated adenocarcinoma; undifferentiated carcinoma, poorly differentiated adenocarcinoma and signet ring cell carcinoma.
poorly differentiated adenocarcinomas. TFF1 was expressed in 17 of 20 differentiated carcinomas, 7 of 7 signet ring cell carcinomas, and 6 of 6 poorly differentiated adenocarcinomas. MUC2 and TFF1 were expressed in 5 of 13 (38.5%) and 13 of 13 (100%) undifferentiated carcinomas (poorly differentiated adenocarcinoma and signet ring cell carcinoma), respectively. The positive rate of TFF1 was significantly higher than that of MUC2 in the undifferentiated carcinoma specimens (p=0.002) ( Table I) .
Genetic detection of lymph node micrometastases. MUC2 was expressed in 15 of 310 lymph nodes (4.8%) and 6 of 33 patients (18.2%). TFF1 was expressed in 9 of 310 lymph nodes (2.9%) and 6 of 33 patients (18.2%). The detection rates of both markers were not statistically significant. However, the detection rate of LMMs increased to 6.8% (21 lymph nodes) and 33.3% (11 patients) by using the duplex RT-PCR with the MUC2 and TFF1 assay. (Table II) . Fourteen of 22 tumor specimens (63.6%) were positive for MUC2 and 10 of 12 differentiated carcinoma specimens (83.3%) were positive for MUC2. Only 4 of 10 undifferentiated carcinoma specimens (40%), however, were positive for MUC2. 20 of 22 tumor specimens (90.9%) were positive for TFF1 and 10 of 12 differentiated carcinoma specimens (83.3%) were positive for TFF1. All undifferentiated carcinoma specimens were positive for TFF1. The positive rate of TFF1 in undifferentiated cancer was significantly higher than that of MUC2 (p=0.011). All carcinoma specimens were positive for MUC2 and/or TFF1.
Duplex marker expression and lymph node micrometastases in mucosal cancer
In the cases of mucosal cancer, we detected LMMs in 3 of 14 patients (21.4%) and 3 of 131 lymph nodes (2.3%) using MUC2 RT-PCR assay. Two of 3 such cases were differentiated cancer, and the other case was undifferentiated cancer. By using the TFF1 RT-PCR assay, we detected LMMs in 4 of 20 patients (20%) and 5 of 188 lymph nodes (2.7%). Three of 4 such cases were undifferentiated cancer, while the remaining case was differentiated cancer. We detected LMMs in 7 of 22 patients (31.8%) and 9 of 208 lymph nodes (4.3%) by using the duplex RT-PCR with the MUC2 and TFF1 assay. Each MUC2-positive case was negative for TFF1 and each TFF1-positive case was negative for MUC2. Represen-tative results are shown in Fig. 1 ----------------------------------------------------------------------------------------------- 
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detection rate of the duplex RT-PCR assay was greater, although not significantly, than that of MUC2 or TFF1 alone.
In mucosal cancer, 6 of 7 LMM-positive cases were depressed-type carcinoma. The remaining one case (patient 7) had elevated-type carcinoma. This last case had previously experienced EMR. All primary cancer cases were of the depressed-type. (Table III) . The incidence of LMMs was significantly higher in patients with large tumors (≥25 mm) than in patients with small tumors (<25 mm) (p=0.028). Sex, age, tumor location, and histological type did not correlate with the incidence of LMMs.
Correlation between lymph node micrometastases and clinicopathological findings in mucosal depressed cancer
Lymph node micrometastases in submucosal cancer. We detected micrometastasis in 4 of 11 patients (36.4%) and 13 of 102 lymph nodes (12.7%) using duplex RT-PCR with the MUC2 and TFF1 assay. However, no clinicopathological factors were associated with the incidence of lymph node micrometastasis in submucosal cancer (data not shown).
Discussion
Patients with EGC generally have excellent prognoses (33, 34) . Regional lymph node metastasis is the most important prognostic factor for patients with EGC. Therefore, it has been recognized that an excellent prognosis involves a radical gastrectomy with extensive lymphadenectomy. However, in EGC lymph node metastasis comprises up to 4% of the mucosal type and ~23% of the submucosal type (1). This indicates that many of the patients with EGC received unnecessary extensive lymphadenectomies. Thus, it is more important to select those patients who do not have lymph node metastatic disease.
LMM is defined as micrometastatic foci that cannot be detected by H&E staining (7) . Micrometastases that exist at the time of the primary tumor operation are thought to be associated with tumor recurrence in EGC (8, 9) . We previously reported that MUC2 is a useful marker for detecting LMM in gastric cancer (27) . However, MUC2 was rarely expressed in early, poorly differentiated adeno- 
U, upper third of stomach; M, middle third of stomach; L, lower third of stomach; differentiated, well and moderately differentiated adenocarcinoma; undifferentiated, poorly differentiated adenocarcinoma and signet ring cell carcinoma.
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carcinomas. To improve the detection rate, we sought another target gene which is expressed in early, poorly differentiated gastric cancer cells.
TFF1 belongs to the trefoil factor family (TFF), which is a group of small molecule polypeptides secreted mainly by gastrointestinal mucous cells. TFF1 is immunohistochemically detected in 66.7% of gastric carcinoma cases. A significant association between immunohistochemical TFF1 expression and diffuse-type histological classification has been revealed (30) . In our study, the positive rate of TFF1 was significantly higher than that of MUC2 in the undifferentiated carcinoma specimens (p=0.002) ( Table I ). All carcinoma specimens were positive for MUC2 and/or TFF1.
CEA mRNA is a target molecule used in the detection of micrometastases in clinical trials of gastric cancer patients (7, (10) (11) (12) (13) . However, we previously revealed that MUC2 is a more useful marker for detecting lymph node micrometastases than CEA, especially in early gastric cancer (27) . In this study, we reported that the detection rate of duplex RT-PCR with MUC2 and TFF1 is higher, although not significantly, than that of MUC2 or TFF1 alone, suggesting that it is a more useful method of LMM detection in EGC.
We detected LMMs in 7 of 22 patients (31.8%), especially in mucosal cancer. Of the 7 cases, 3 were MUC2-positive/ TFF1-negative and the other 4 were MUC2-negative/TFF1-positive. There were no cases, however, where both markers were positive, suggesting that single markers are inadequate. Thus, duplex RT-PCR with MUC2 and TFF1 is necessary to detect LMM in mucosal gastric cancer.
In Japan, the accepted indications for EMR have been: (i) well-differentiated elevated lesions <20 mm in size, and (ii) small (≤10 mm) depressed well-differentiated tumors without ulceration (31) . These criteria are rather strict, and many patients may be subject to unnecessary surgery. Therefore, the indications for EMR have been gradually broadened. A large case series has suggested that patients with tumors <30 mm without ulceration, regardless of the histological type, are appropriate candidates for EMR (32) .
In our study, LMMs were detected only in depressed cancers with the exception of one case, recalling that that one case had previous EMR. Limited to primary cancer, LMMs were not detected in elevated-type cancer with a 20-30-mm diameter. Therefore, our data supports previous reports. In depressed-type cancer, the incidence of LMMs was significantly higher in patients with large tumors (≥25 mm) than in patients with small tumors (<25 mm) (p=0.028) (Table III) . According to our study, it will be possible to broaden the indications for EMR in elevated-type cancer.
The follow-up period ranged from 18 to 42 months with a median of 24 months, and currently all patients are alive. There is no correlation between the incidence of LMM and short-term survival. However, long-term follow-up studies are required to evaluate its clinical significance.
Furthermore, there was no correlation between the incidence of LMMs and the clinicopathological findings in submucosal cancer patients. It proved difficult to predict lymph node metastatic disease in submucosal gastric cancer. Thus, gastrectomy with regional lymph node dissection is necessary for such patients.
The duplex RT-PCR assay using both MUC2 and TFF1 provides higher LMM detection rates than either MUC2 or TFF1 alone, especially for mucosal gastric cancer. LMM detected by this method may prove useful in broadening the indications for EMR in elevated-type cancer.
